Free Radical Scavenging and Hepatoprotective Actions of the Medicinal Herb, Crassocephalum crepidioides from the Okinawa Islands
Yoko ANIYA, a, * Tomoyuki KOYAMA, a Chika MIYAGI, b Manami MIYAHIRA, a Chiho INOMATA, saline) and LPS (0.5 mg/kg/5 ml). In the herb treated group the herbal extract (5 ml/kg) with 50% DPPH scavenging action was injected intraperitoneally 1 and 15 h before GalN and LPS treatment. Control rats were given vehicle (5 ml/kg) in place of the herb extract or GalN and LPS. The effect of the herbal extract alone was also examined. The extract (5 ml/kg) was given to rats under the same conditions described in the hepatotoxin plus the herbal extract-treated groups except that the vehicle was injected in place of GalN and LPS. Rats were killed by decapitation 24 h after GalN plus LPS treatment after overnight starvation. In the case of CCl 4 -induced hepatotoxicity, CCl 4 (2 ml/kg, as 50% corn oil solution) was given subcutaneously to mice and the herbal extract (a 2-fold diluted solution) (5 ml/kg) was given intraperitoneally to mice 1 and 15 h prior to CCl 4 treatment. Control mice received the vehicle instead of the herbal extract or CCl 4 . Mice were killed 48 h after CCl 4 treatment following overnight starvation. All animals were sacrificed by decapitation and blood was taken from the stump. Serum was separated by centrifugation and stored at 4°C until use. The liver removed after perfusion in situ with 1.15% potassium chloride solution was homogenized with 2 volumes of the same solution. Cytosol and microsomes were prepared by differential centrifugations and one-washed microsomes were used as reported previously. 20) All the samples obtained were stored at Ϫ80°C for 1 or 2 d except cytosol which was immediately assayed for glutathione S-transferase activity. Animal care was in compliance with Guidelines for Animal Experimentation of the University of the Ryukyus.
Assay Activities of glutathione (GSH) S-transferase for CDNB and GSH peroxidase for cumene hydroperoxide were measured by the methods of Habig et al. 21) and Reddy et al., 22) respectively. AST and ALT activities in serum were determined using an assay kit (Kainos, Tokyo). The amount of lipid peroxide in liver homogenates and in serum was estimated by the TBA method and expressed as malondialdehyde (MDA) equivalents described previously. 23, 24) Glutathione content in the liver homogenate was measured by high performance liquid chromatography by the method of Reed et al. 25) Protein concentration in each fraction was measured by the method of Lowry et al.
26)

Isolation and Identification of Antioxidant Components
During isolation of antioxidant components the antioxidant activity was evaluated by measuring DPPH radical scavenging activity. A dried material of C. crepidioides (30 g ) was extracted with water twice at 100°C under 1500 psi by an Accelerated Solvent Extractor (ASE200, DIONEX). The extract solution (280 ml) was diluted to 2.8 l by distilled water and applied to a HP20 (Mitsubishi Chemical, 40ϫ150 mm) column eluting with water and increasing the amount of methanol (MeOH) (MeOH: 10, 25, 50, 75 and 100%, 500 ml each in volume) to give six fractions. Since 25, 50, and 75% MeOH eluted fractions showed DPPH radical scavenging activity, these three were combined, and subjected to further separation by a reversed phase HPLC on C18 (Waters Symmetry, 4.6ϫ100 mm) using a gradient solvent profile (45% MeOH to 50% MeOH containing 0.1% trifluoroacetic acid) to yield five fractions. Final purification of each fraction was carried out by HPLC on C8 using H 2 O/MeOH (55 : 45) with 0.1% trifluoroacetic acid, or HW40F (Tosoh, 15ϫ60 mm) with 50% MeOH as an eluent. Thus the structure of six fractions obtained was identified by UV, 1 H-NMR and 13 C-NMR spectra by comparision with an authentic sample or the reported compound. 27, 28) Statistical Analyses Data were expressed as the meanϮ S.D. The significance of difference was evaluated using Student's t-test 29) and pϽ0.05 was taken as significant.
RESULTS
Radical Scavenging Action of C. crepidioides Figure 1 shows the effect of C. crepidioides on the DPPH radical and the 50% scavenging concentration (IC 50 ) was 11.5 times the dilution of the original herbal extract. Superoxide anion and hydroxyl radical, as seen in Fig. 2 , were also scavenged with the IC 50 of 177 times and 2.3 times dilution, respectively. Thus it was clarified that C. crepidioides has a potent radical scavenging action.
Hepatoprotective Action of C. crepidioides As shown in Fig. 3 , AST and ALT activities in serum were significantly increased in GalN plus LPS treated rats (2880% and 16933% of control, respectively) and were decreased significantly by pretreatment (i.p.) with the herbal extract (182% and 123%, respectively). Lipid peroxide content in liver homogenates increased by GalN plus LPS treatment (887%) was also significantly decreased by pretreatment with C. crepidioides ex- 20 Vol. 28, No. 1
Fig. 1. DPPH Radical Scavenging Activity of the Extract of C. crepidioides
Water extract of C. crepidioides was mixed with DPPH (100 mM) and the absorbance at 517 nm was measured. tract (119%). Other parameters (GSH S-transferase, GSH peroxidase) were not altered by the extract pretreatment. Herbal extract alone decreased LPO in liver homogenate and AST and ALT activities in serum, while cytosolic and microsomal GSH S-transferase activities were increased by the herbal treatment. These data clarified that GalN plus LPS-induced hepatotoxicity was protected by pretreatment with the herbal extract. In the case of oral administration of the extract the GalN plus LPS-induced hepatotoxicity as seen in the increase in AST and ALT activities was depressed, but not significantly (Fig. 4) .
The effect of C. crepidioides extract on CCl 4 -induced hepatotoxicity is shown in Fig. 5 . Serum AST and ALT activities were increased 1153% and 413% by CCl 4 treatment and were significantly decreased 566% and 207%, respectively. The lipid peroxide level in liver homogenates was significantly increased (to 164%) by CCl 4 and decreased to 131% (not significantly) with the herbal extract treatment. GSH content was increased by CCl 4 (155% of control) and further increased with the herb treatment (175% of control). The herbal extract alone decreased serum ALT activity and seemed to increase GSH content and lipid peroxidation. 
Identification of Antioxidants
Fig. 5. Effect of Peritoneal Injection of C. crepidioides Extract on CCl 4 -Treated Mice
Water (control) or the 2-fold diluted extract from C. crepidioides (5 ml/kg) was given intraperitoneally 1 and 15 h before CCl 4 (2 ml/kg, 50% corn oil solution, subcutaneously) treatment. In the case of treatment with the herbal extract alone, the extract (5 ml/kg) or water (control) was given, followed by corn oil injection in place of CCl 4 . IC 50 values of six antioxidants for DPPH radical was about 50 mg/ml. Isochlorogenic acids a and b showed strong scavenging action for superoxide anion with IC 50 of 6.5 and 4.1 mM, respectively, which are stronger than that of ascorbic acid (Table 1) .
DISCUSSION
Free radical scavenging action of C. crepidioides was investigated in vitro and in vivo. Since DPPH is known to abstract a labile hydrogen atom, 30) it has been used to screen the antioxidant action of various compounds. 19, 20) Water extract of C. crepidioides showed strong scavenging action for the DPPH radical with 50% inhibition (IC 50 ) at 11.5 times dilution of the original extract. The herbal extract also possessed potent scavenging action for superoxide anion and moderate action for hydroxyl radical. We thus examined the antioxidant action in vivo using animal models.
It has been recognized that GalN causes hepatotoxicity by the accumulation of UDP-GalN derivatives in the liver, followed by a depletion of hepatic UTP resulting in inhibition of mRNA and protein synthesis. 9, 10) However, oxidative stress is now assumed as the primary cause of GalN-induced hepatotoxicity. [11] [12] [13] [14] ROS produced by activated macrophages or by eliminated metal ions might contribute to the oxidative stress. LPS is known to cause oxidative stress through cytokine (TNF-a) formation. 15) In addition it is reported that the combination of GalN with LPS causes massive oxidative stress. 15) Thus the oxidative stress by GalN plus LPS treatment was confirmed in our experiments as seen by rising LPO levels in liver homogenate (Figs. 3, 4) . GalN plus LPS induced liver injury was protected by pretreatment with the extract of C. crepidioides as evidenced by reduction in the increase in serum AST and ALT activities caused by GalN plus LPS. Pretreatment with the herbal extract also depressed the elevation of lipid peroxidation caused by GalN plus LPS, showing that the herbal extract scavenges ROS such as superoxide anion and hydroxyl radical resulting in preventing GalN plus LPS induced liver injury.
Carbon tetrachloride (CCl 4 ) is biotransformed by the liver microsomal cytochrome P450 enzyme system to radicals such as trichloromethyl radical (· CCl 3 ) and peroxyl radical (· OOCCl 3 ), resulting in lipid peroxidation of membrane lipid. [16] [17] [18] Thus it was expected that a radical scavenger may ameliorate CCl 4 -induced liver toxicity. As shown in Fig. 5 , the elevation of AST and ALT activities in serum and of lipid peroxidation in liver was depressed by the herbal extract treatment. It is therefore suggested that C. crepidioides scavenges CCl 4 -derived radicals resulting in depressing the toxicity.
Since the antioxidant action of C. crepidioides was demonstrated in vitro and in vivo, we isolated active components of the herb and clarified that isochlorogenic acid a and b are main antioxidants in the extract and that the other flavonoids quercetin 3-galactoside, quercetin 3-glucoside, kaempferol-3-galactoside and kaempferol-3-glucoside were also involved. These components might contribute to the hepatoprotectve action of C. crepidioides. Flavonoids are widely distributed in various plants as antioxidants but the high content of isochlorogenic acid which accounts for 67% of the antioxidants in C. crepidioides is quite unique.
In conclusion, the water extract of C. crepidioides showed strong scavenging action for DPPH, superoxide anion and moderate action for hydroxyl radical in vitro. Pretreatment with the herbal extract of GalN plus LPS-treated rats or CCl 4 -treated mice prevented the chemically induced hepatotoxicities. These results suggest that ROS or radicals generated by GalN plus LPS or CCl 4 treatment were scavenged by the herbal extract resulting in prevention of the hepatotoxicities. Antioxidants including isochlorogenic acid in the herb may contribute to the protective action against the liver toxicity. 
